e Bacteriocin producers normally possess dedicated immunity systems to protect themselves from their own bacteriocins. Lactococcus lactis strains LMG2081 and BGBM50 are known as lactococcin G producers. However, BGBM50 was sensitive to LMG2081, which indicated that LMG2081 might produce additional bacteriocins that are not present in BGBM50. Therefore, whole-genome sequencing of the two strains was performed, and a lantibiotic operon (called lctLMG) was identified in LMG2081 but not in BGBM50. The lctLMG operon contains six open reading frames; the first three genes, lmgA, lmgM, and lmgT, are involved in the biosynthesis and export of bacteriocin, while the other three genes, lmgF, lmgE, and lmgG, are involved in lantibiotic immunity. Mutational analysis confirmed that the lctLMG operon is responsible for the additional antimicrobial activity. Specifically, site-directed mutation within this operon rendered LMG2081 inactive toward BGBM50. Subsequent purification and electrospray ionization-time of flight mass spectrometric analysis confirmed that the lantibiotic bacteriocin called lacticin LMG is exported as a 25-amino-acid peptide. Lacticin LMG is highly similar to the lacticin 481 group. It is interesting that a bacteriocin producer produces two different classes of bacteriocins, whose operons are located in the chromosome and a plasmid.
M
any lactic acid bacteria (LAB) have the ability to produce ribosomally synthesized antimicrobial peptides or proteins, known as bacteriocins. These proteins are antimicrobials with different modes of action against closely related bacterial species, medically important pathogens, and bacteria involved in food spoilage (1) . LAB frequently found in food constitute an important portion of our gut microbiota. Additionally, many LAB are generally recognized as safe (GRAS) for ingestion, which is one of the prerequisites for use as natural preservatives in foods and feeds and as antimicrobials in the treatment of infections. Bacteriocins produced by LAB have been studied intensively in recent years.
Bacteriocins produced by LAB are divided into two primary classes, i.e., lantibiotics (class I) and unmodified bacteriocins (class II) (2) . Class I bacteriocins (lantibiotics) contain unusual amino acids such as lanthionine and dehydrated amino acids, as a result of posttranslational modifications such as dehydration of serine and threonine and formation of lanthionine bridges. Class II bacteriocins consist only of unmodified peptides or peptides with minor modifications (e.g., sulfide bridges and cyclization). Furthermore, class II bacteriocins are classified into four subclasses, i.e., pediocin-like bacteriocins (class IIa), two-peptide bacteriocins (class IIb), cyclic bacteriocins (class IIc), and linear non-pediocin-like bacteriocins (class IId) (3).
Thus far, over 95 different lantibiotics have been isolated from Gram-positive bacteria and characterized (4) . According to the topology of their structures, lantibiotics have been classified as type A and type B (5) . Type A lantibiotics are small (2 to 5 kDa) and can be elongated [subtype type A(I)] or contain a tail-andring region [subtype type A(II)] (6). For type A(I) lantibiotics, lanthionine and 3-methyllanthionine residues are formed by the action of two distinct enzymes (LanB and LanC) after the dehydration of serine and threonine; for type A(II) lantibiotics, in contrast, these residues are formed by the action of one enzyme (LanM) (7) . Furthermore, for type A(I) lantibiotics, peptides are exported outside the cell and the leader peptide is removed by the exporter LanT and the protease LanP (4). For type A(II) lantibiotics, however, both processes (i.e., leader peptide cleavage and mature lantibiotic transport) are catalyzed by LanT (4), an exporter with an N-terminal protease domain. The immunity system of type A(II) lantibiotics is encoded and realized through the coexpression of three genes, namely, lanF, lanE, and lanG (8) . This system of three genes ensures immunity by preventing lantibiotics from reaching the density necessary for pore formation, which is their mode of action. For some lantibiotics, such as nukacin ISK-1, the presence of two immunity systems (NukFEG and NukH) enhanced immunity, compared with the presence of only one system (9) . The expression of nukFEG genes resulted in a greater degree of immunity than did nukH gene expression alone, which suggests that the NukFEG system plays a major role in immunity, while the NukH protein most likely functions as an accessory protein. Type B lantibiotics, such as mersacidin, cinnamycin, duramycin, and ancovenin, are small (approximately 2 kDa), are more globular and compact, and kill sensitive cells by interfering with cellular enzymatic reactions such as cell wall synthesis (10).
Nisin, a type A(I) lantibiotic, is one of the best known lantibiotics, with commercial applications in food processing and fermentation (11) . Type A(II) lantibiotics, such as lacticin 481 and related lantibiotics, have demonstrated potential for use in food production. Previous results showed that lacticin 481, because it is active against LAB, can be used to speed cheese ripening by lysing starter cultures and increasing the amounts of intracellular enzymes (12) (13) (14) . In addition, lacticin 481 could be used to inhibit the growth of nonstarter bacteria in cheese, which can cause major economic losses (15) . Lacticin 481 and related lantibiotics do not show activity against pathogenic bacteria. In some cases, however, lacticin 481, in combination with high-pressure treatments, affected the survival of Listeria monocytogenes, Staphylococcus aureus, and Escherichia coli O157:H7 in raw milk cheeses (16) (17) (18) .
Lactococcus lactis strains LMG2081 and BGBM50 are known as producers of lactococcin G, a class IIb bacteriocin (19, 20) . In cross-immunity tests, it was observed that strain LMG2081 inhibited the growth of strain BGBM50. To determine the differences between these two strains, whole-genome sequencing of strains LMG2081 and BGBM50 was performed. Genome analysis showed that strain LMG2081 contains an operon for the synthesis of a novel bacteriocin, lacticin LMG, belonging to the type A(II) class of lantibiotics. Purification and electrospray ionization-time of flight (ESI-TOF) mass spectrometric analysis showed that lacticin LMG is exported as a 25-amino-acid peptide.
MATERIALS AND METHODS
Bacterial strains and plasmids. The bacterial strains and plasmids used in this study are listed in Table 1 . L. lactis LMG2081 was isolated from the European pear (Pyrus communis). Lactococcal strains were grown at 30°C in M17 medium (Merck GmbH, Darmstadt, Germany) supplemented with D-glucose (0.5% [wt/vol]) (GM17), unless otherwise indicated. For the cloning and propagation of constructs, Escherichia coli DH5␣ and EC101 were used; they were grown aerobically at 37°C in Luria-Bertani (LB) broth (21) . Agar plates were prepared by adding 1.5% (wt/vol) agar (Torlak, Belgrade, Serbia) to the liquid medium. Lactococcal transformants were selected on GM17 plates containing 10 g/ml erythromycin (Sigma-Aldrich Chemie GmbH, Munich, Germany), while E. coli transformants were selected on LB plates containing 300 g/ml erythromycin or 100 g/ml ampicillin, depending on the plasmids used. For blue/white screening of colonies carrying vectors with cloned fragments, 5-bromo-4-chloro-3-indolyl-D-galactoside (X-Gal) (Fermentas, Vilnius, Lithuania) was added to LB plates at a final concentration of 50 g/ml.
Bacteriocin activity. The bacteriocin activity of tested strains and mutants was analyzed by an agar well diffusion test (22) . Bacteriocin extracts were obtained after centrifugation (15,871 ϫ g for 10 min) of 16-h-old cultures and subsequent filtration through filters with 0.45-m pores (Sarstedt, Numbrecht, Germany). Lactococcus lactis subsp. lactis BGMN1-596 was used as an indicator strain. Positive signals of bacteriocin activity presented as clear zones of inhibition around the wells.
Whole-genome sequencing. DNA from strain LMG2081 was sequenced at the Norwegian Sequencing Centre (Oslo, Norway) using an Illumina MiSeq instrument, according to the manufacturer's recommendations. Approximately 1.5 million paired-end reads of 2 by 250 bp were obtained. Using ABySS, a preliminary assembly of the LMG2081 genome was obtained, with 100 contigs covering 2,548,962 bp.
Inverse PCR. The inverse PCR procedure was used to determine neighboring contigs. The plasmid DNA of strain LMG2081 was digested with EcoRI and then self-ligated to yield circularized fragments. The ligation mixture was used as the template for PCR with the specific primers LL and LD ( Table 2 ). The PCR fragments obtained were purified and cloned into a commercial pGEM-T Easy vector to yield pGEM-T EasyLL/LD, using E. coli DH5␣. The resulting products were purified and sequenced.
Construction of mutants. Mutants for the bacteriocins lactococcin G and lacticin LMG were constructed using the plasmid pG ϩ host9 (carrying segments of the targeted genes), by insertion into operons. The thermosensitive erythromycin-resistant plasmid pG ϩ host9 was (24) . PCR fragments of 378 bp and 814 bp, containing segments of the lcnG and lmgM genes, respectively, were cloned into a pGEM-T Easy vector (Promega, Madison, WI, USA) to yield pGEM-T EasylcnG and pGEM-T EasylctLMG, respectively. Then, fragments were subcloned into a pG ϩ host9 vector using the EcoRI restriction enzyme, resulting in the constructs pG ϩ host9lcnG and pG ϩ host9lctLMG. These plasmid constructs were introduced into L. lactis LMG2081 by electroporation. To enable integration of the constructs, the transformants obtained at 28°C were streaked onto GM17 agar plates with erythromycin (10 g/ml) and incubated at 37°C for 48 h. Transformants containing the plasmids pG ϩ host9lcnG and pG ϩ host9lctLMG integrated in the lcnG and lmgM genes, respectively, were confirmed by their Bac Ϫ phenotype, sensitivity to bacteriocin, and pulsed-field gel electrophoresis (PFGE) and hybridization analysis results. Southern blot hybridization was performed with a digoxigenin (DIG) DNA labeling and detection kit (Roche Diagnostics GmbH, Germany), following the manufacturer's protocol, using an 814-bp fragment from lmgM as a biotin-labeled probe.
Molecular methods. For clonal confirmation, PFGE was used (25) . For the isolation of total DNA from lactococci, a modified version (with the addition of lysozyme treatment) of the method described by Hopwood et al. (26) was used, while the isolation of plasmid DNA from lactococci was performed by the miniprep method described by O'Sullivan and Klaenhammer (23) . Plasmid DNA from E. coli was isolated by using a QIAprep spin miniprep kit (Qiagen, Hilden, Germany), according to the manufacturer's protocol. For DNA ligation, T4 DNA ligase (Agilent Technologies, Santa Clara, CA, USA) was used, according to the manufacturer's instructions. Plasmid constructs were inserted in lactococci by electroporation using an Eporator (Eppendorf, Hamburg, Germany) (27) . For the amplification of DNA fragments by PCR using a GeneAmp PCR System 2700 thermal cycler (Applied Biosystems, Foster City, CA, USA), KapaTaq DNA polymerase (KapaBiosystem, Inc., Boston, MA, USA) was used. A QIAquick gel extraction kit was used for the purification of DNA fragments from agarose gels, according to the manufacturer's recommendations (Qiagen, Hilden, Germany). For the purification of PCR products, a QIAquick PCR purification kit (Qiagen) was used, according to the supplier's protocol. For the cloning of PCR products, the pGEM-T Easy (Promega) vector was used. The purified PCR products obtained were sequenced by the Macrogen Sequencing Service (Macrogen Europe, Amsterdam, The Netherlands) and analyzed by using BLAST. The sets of specific primers used in this study are listed in Table 2 . The functions of the proteins encoded by the lctLMG operon were attributed on the basis of homology with proteins determined by BLAST comparisons with the Entrez protein database (Table 3) . Sequence comparisons of LmgA and representative lantibiotics forming the lacticin 481 group were performed using Clustal Omega software (http://www.ebi.ac.uk/Tools /msa/clustalo).
Purification and mass spectrometric analysis of bacteriocin lacticin LMG. For the purification and mass spectrometric analysis of the bacteriocin lacticin LMG, a L. lactis LMG2081 lcnG mutant was grown at 30°C for 16 h in 500 ml of GM17 broth, to the early stationary phase. The removal of cells was performed by centrifugation (4,500 ϫ g for 30 min at 4°C). The bacteriocin present in the supernatant was subjected to precip- 
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a The number of amino acids and the position of the lctLMG operon from the beginning of the sequence are given for each ORF.
itation with ammonium sulfate at 40% (wt/vol) saturation, with stirring, for 3 h at 4°C. The precipitate was collected by centrifugation (10,000 ϫ g for 30 min at 4°C) and then dissolved in 5 ml of Milli-Q water containing 0.1% trifluoroacetic acid. The bacteriocin was purified using reversephase high-performance liquid chromatography (HPLC). Reverse-phase chromatography of the bacteriocin sample was performed using an Äkta Purifier 10 system (GE Healthcare, Uppsala, Sweden) with a Discovery BIO Wide Pore C 5 column (10 cm by 4.6 mm; particle size, 5 m; Supelco, Bellefonte, PA, USA). The protein was eluted using an acetonitrile gradient (0 to 90% with 0.1% trifluoroacetic acid for 10 column volumes). The chromatography was monitored by measuring absorbance at 215 nm. The protein fractions obtained were dried under a stream of nitrogen, dissolved in the same volume of Milli-Q water, and tested for antibacterial activity. Mass spectrometric analysis. Mass analysis of the isolated bacteriocin was carried out using a mass spectrometer coupled with HPLC. The sample was injected onto a reverse-phase C 18 column (RRHT column; 4.6 by 50 mm; particle size, 1.8 m) coupled with a Zorbax Eclipse XDB-C 18 column installed in a 1200 series HPLC system (Agilent Technologies). The sample components were separated using an acetonitrile gradient (5 to 95% with 0.2% formic acid for 10 min and then 95% for 5 min). The mass spectrometer, a 6210 TOF liquid chromatography-mass spectrometry (LC-MS) system (G1969A; Agilent Technologies, Santa Clara, CA, USA), was run in positive ESI mode with a capillary voltage of 4,000 V, a fragmentor voltage of 200 V, and a mass range of m/z 100 to 3,200. Agilent MassHunter Workstation software and Analyst QS were used for data processing.
Nucleotide sequence accession number. The DNA sequence presented in this article has been deposited in the European Nucleotide Archive (ENA) and GenBank databases, under accession no. LN879392.
RESULTS

Genome sequencing results.
In a bacteriocin assay, we observed that the lactococcin G producer L. lactis LMG2081 killed not only the L. lactis subsp. lactis BGMN1-596 indicator strain but also L. lactis subsp. lactis BGBM50, another lactococcin G producer. This indicated that LMG2081 produces one or more bacteriocins that are not present in BGBM50 (Fig. 1A and B) .
To search for additional bacteriocins, we performed genome sequencing of LMG2081. An incomplete bacteriocin-like operon was identified at the end of one contig. By primer walking, the entire operon was revealed in an 8-kb fragment. The operon, called lctLMG, contains six open reading frames (ORFs), named lmgA, lmgM, lmgT, lmgF, lmgE, and lmgG ( Fig. 2; Table 3 ). In silico analysis of the surrounding sequences of lctLMG revealed a downstream ORF encoding a Pin-related site recombinase/DNA invertase with the greatest amino acid identity (83%) with the Pinrelated site recombinase/DNA invertase from L. lactis (GenBank accession no. WP_046782557.1). The flanking DNA sequence from the upstream region is currently unavailable. The lmgA gene appears to be a structural gene encoding a 49-amino-acid precursor peptide that is expected to be cleaved between alanine and glycine following posttranslational modifications, to form a 25-residue mature peptide. We derived a consensus sequence of lacticin 481-like bacteriocins based on invariant residues in a protein sequence comparison of representative lantibiotics forming the lacticin 481 group and LmgA (Fig. 3 ). The N-terminal extremities, or leader peptides, of the peptides analyzed were variable in length and sequence but contained three invariant residues. The propeptides of the lantibiotics compared were more conserved than the leader peptides, and we found 12 invariant residues in the propeptides. The C termini of these propeptides corresponded to invariant regions of four amino acids (TCCS). In addition to invariant residues, we found four conserved residues in the leader peptides and seven conserved residues in the propeptides (Fig. 3) .
In the region downstream of the lmgA gene, an ORF was found and designated lmgM (2,654 bp). The product of lmgM is likely a modification enzyme involved in the biosynthesis of the lantibiotic lacticin LMG (Table 3) (28, 29) . Moreover, lmgT (2,090 bp) presumably codes for the ABC-containing maturation and secretion (AMS) protein, which cleaves off the leader peptide and secretes the mature lantibiotic (Table 3) (30, 31) . At the end of the operon, three genes, i.e., lmgF (911 bp), lmgE (752 bp), and lmgG (737 bp), likely code for proteins similar to the ABC transporter and provide immunity by ejecting the lantibiotic from the membrane (Table 3) . Similar immunity systems are present for the lantibiotics lacticin 481, mutacin II, and streptococcin SA-FF22; in each case, a system of three genes, lanF, lanE, and lanG, provides immunity against lantibiotics (32) . In the case of the lantibiotic nukacin ISK-1, the presence of two immunity systems, NukFEG and NukH, provides a much higher level of immunity than each system alone (9) .
Construction of mutant strains. To check the functionality of bacteriocin operons in strain LMG2081, insertional mu- tagenesis of structural genes for the bacteriocins lactococcin G and lacticin LMG was performed separately. Plasmid constructs (pG ϩ host9lcnG and pG ϩ host9lctLMG) were integrated into the corresponding genes lcnG and lmgM, yielding two different mutants, i.e., LMG2081/pG ϩ host9lcnG (minus lactococcin G) and LMG2081/pG ϩ host9lctLMG (minus lacticin LMG), respectively. Transformants of L. lactis LMG2081 were grown at 37°C for 48 h and were analyzed by Bac Ϫ phenotype analysis, PFGE, and hybridization. The mutants with an integrated pG ϩ host9lcnG plasmid construct in the lcnG gene showed lower activity against the L. lactis subsp. lactis BGMN1-596 indicator strain than did the wild-type (WT) LMG2081 strain ( Fig. 1A and  C) . The second group of mutants, which had an integrated pG ϩ host9lctLMG plasmid construct in the lmgM gene, lost inhibition activity against L. lactis subsp. lactis BGBM50 (lactococcin G producer) (Fig. 1D ) and showed significantly lower activity against BGBMN1-596 (Fig. 1E) . The high antimicrobial activity of strain LMG2081 is the result of the additive effects of the bacteriocins lactococcin G and lacticin LMG. The bacteriocin activity of the constructed mutants confirmed that strain LMG2081 contains two functional bacteriocin operons. The antimicrobial activities of the WT strain and both mutants were tested against various pathogenic or nonpathogenic bacteria. The WT strain and mutants producing lacticin LMG or lactococcin G showed activity only against lactococci.
Localization of lacticin LMG operon. PFGE together with Southern blot hybridization was used for localization of the lacticin LMG and lactococcin G operons in the L. lactis LMG2081 strain. For that purpose, total DNA of the WT strain and the two mutants (with a disrupted lacticin LMG operon [LMG2081/ pG ϩ host9lctLMG] or lactococcin G operon [LMG2081/ pG ϩ host9lcnG]) that had been digested with NotI or SmaI, not digested, or treated with S1 nuclease was used. Bacteriocin mutants of strain LMG2081 were made by integration of a pG ϩ host9 plasmid carrying NotI and SmaI sites, which are introduced into given operons by plasmid integration. The results of PFGE-hybridization experiments confirmed that the lctLMG operon is located on a plasmid of approximately 115 kb that does not possess NotI and SmaI restriction sites (Fig. 4A  and B, lanes 2 and 6) . In addition, when nondigested DNA and S1 nuclease-treated DNA from LMG2081 and the mutants were analyzed by PFGE and hybridization, signals from the lacticin LMG (lmgM) probe were obtained only with extrachromosomal bands (Fig. 4B, lanes 12 to 14) that are positioned on the gel in the region of approximately 115 kb, very similar to the findings obtained with linearized plasmids. In contrast, the 5, 8, and 12 ), LMG2081/pG ϩ host9lctLMG (lanes 2, 6, 9, and 13), or LMG2081/pG ϩ host9lcnG (lanes 3, 7, 10, and 14) was digested with NotI (lanes 1 to 3) or SmaI (lanes 5 to 7), not digested (lanes 8 to 10), or treated with S1 nuclease (lanes 12 to 14) . Lanes 4 and 11, concatemers. White arrows, linearized plasmids carrying the lctLMG operon; black arrows, differences in chromosomal fragments between the WT strain and the lactococcin G mutant. lactococcin G operon is chromosomally located on a NotI fragment of 380 kb. Integration of pG ϩ host9 into the lactococcin G operon split this fragment into fragments of 310 and 70 kb (Fig.  4A, lane 3) .
Mass spectrometry. A novel active lacticin LMG was purified to homogeneity by ammonium sulfate precipitation and reversephase chromatography. The active fraction was spotted on GM17 soft agar that had been inoculated with L. lactis subsp. lactis BGBM50, for 24 h at 30°C (Fig. 5A) . The molecular mass determined for the active fraction by ESI-TOF mass spectrometry was 2,759 Da (Fig. 5B) . The mass analysis showed that the recorded molecular ions of the active fraction were m/z 2,760 (
. Based on amino acid sequence analysis, cleavage of the leader peptide occurred between amino acids Ala23 and Gly24 to form a 25-residue excreted peptide with a calculated molecular mass of 2,831 Da. Considering the high degree of conservation of important amino acid residues between lacticin LMG and lacticin 481-type lantibiotics, it could be assumed that lacticin LMG underwent the same types of posttranslational modifications as its homologue lacticin 481. Lacticin 481-type lantibiotics contain threonine, serine, and cysteine, which tend to be converted to unusual amino acids such as dehydrobutyrine, lanthionine, and 3-methyllanthionine, followed by the elimination of one water molecule. Therefore, the positions of the thioether bridges were predicted to be between residues 7 and 12, 9 and 23, and 16 and 24, while the position of dehydrobutyrine was predicted to be at residue 22. According to the proposed posttranslational modifications, the calculated molecular mass of mature lacticin LMG was 2,759 Da, exactly the same as determined by mass spectrometry.
DISCUSSION
In this study, we provide strong evidence that lacticin LMG is a novel lantibiotic produced by L. lactis strain LMG2081. The lctLMG operon showed organization similar to that of the other operons of the lacticin 481 group. Downstream of the operon, we identified an ORF encoding a Pin-related site recombinase/DNA invertase, indicating the end of the lctLMG operon. However, the sequence upstream of the lmgA gene is presently not available; therefore, whether there are additional genes involved in the synthesis or regulation of expression of lacticin LMG is not known. Analysis of the lctLMG operon sequence showed that lacticin LMG was synthesized as a 49-amino-acid precursor peptide, similar to lacticin 481-type lantibiotics. The amino acid sequences of the propeptide of lacticin LMG and the leader peptide show different levels of identity with those of lacticin 481 and other representative lacticin 481-like lantibiotics (Fig. 3) . The propeptide of lacticin LMG shares 76% and 74% identity with lacticin 481 and nukacin ISK-1, respectively, while the leader sequence of lacticin LMG shares 76% identity with lacticin 481 and 50% identity with nukacin ISK-1. The mature lacticin LMG is shorter by two amino acids at its amino-terminal end and has six conservative amino acid substitutions in comparison with lacticin 481 and seven substitutions in comparison with nukacin ISK-1. Furthermore, in lacticin LMG, three cysteine residues, two threonine residues, and a Ser-9 residue involved in lanthionine ring formation were conserved, while Ser-18 was replaced by a Thr-16, also dehydrated. In the case of streptococcin SA-FF22, the formation of thioether bonds between Cys and dehydrated Thr-18 results in 3-methyllanthionine (Abu-S-Ala, in which Abu is an aminobutyric acid and Ala is alanine) (33) . Consequently, streptococcin SA-F22 includes one lanthionine (Ala-S-Ala) and two 3-methyllanthionines instead of two lanthionines and one 3-methyllanthionine, but it has the same bridging pattern as lacticin 481 and nukacin ISK-1 (34) . Based on these results, we assume that the same posttranslational modifications occur in the case of lacticin LMG.
The proteolytic cleavage site of the leader peptide in the lacticin LMG precursor peptide is predicted to be between Ala and Gly, yielding a 25-amino-acid mature lantibiotic peptide. This is in contrast to all other known lantibiotic peptides, which contain 27 amino acid residues. Using this theory, the calculated molecular mass of the active lacticin LMG is 2,759 Da, which is in agreement with the molecular mass determined by ESI-TOF mass spectrometry (100% match). Although lacticin LMG shares a high level of identity with the previously described lacticins (lacticin 481 and nukacin ISK-1), this novel lantibiotic has specific features that make it unique, such as its molecular weight, amino acid substitutions, and operon structure. It is known that lactococci can synthesize more than one bacteriocin, such as in strains L. lactis subsp. cremoris 9B4 and L. lactis subsp. lactis BGMN1-5, which produce at least three different bacteriocins (35, 36) despite belonging to the same group (class II). In the present study, the lactococcal strain LMG2081 has been shown to produce two bacteriocins belonging to different groups, one in class I (lantibiotics; lacticin LMG) and the other in class IIb (lactococcin G). In addition, operons encoding lacticin LMG and lactococcin G are located on dif- ferent genetic elements, i.e., on a plasmid and the chromosome, respectively.
